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FOREWORD 


The NASA Aircraft Energy Efficiency (ACEE) Composite Primary Aircraft 
Structures program has made significant progress in the development of tech- 
nology for advanced composites in commercial aircraft. Under NASA sponsorship, 
commercial airframe manufacturers are 3 years into programs to demonstrate 
technology readiness and cost effectiveness of advanced composites for second- 
ary and medium primary components. Timely dissemination of technical informa- 
tion acquired in these programs is achieved through distribution of quarterly 
and final written reports and through periodic special oral reviews. 

The second special oral review of ACEE Composites Programs was held 
August 11-13 , 1980, at the Olympic Hotel in Seattle, Washington. The con- 
ference included comprehensive reviews of six major composite component devel- 
opment programs by ACEE composites contractors: Boeing Commercial Airplane 

Company, Douglas Aircraft Company, and Lockheed-California Company. In addi- 
tion, a special session included selected papers on NASA sponsored research 
in composite material and structures. These latter presentations are collected 
in this NASA Conference Publication. 


Individual authors prepared their narrative and figures in a form that 
could be directly reproduced in this volume. The material is in facing page 
format and is essentially the same material used in the oral presentations 
at the review. The assistance of the Scientific and Technical Information 
Programs Division of the Langley Research Center in publishing these proceed- 
ings is gratefully acknowledged. 

The identification of commercial products in this report does not con- 
stitute an official endorsement of such products, either expressed or implied, 
by the National Aeronautics and Space Administration. 


Herman L. Bohon 
Conference Chairman 
Langley Research Center 
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Figure 10. 
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TENSILE FAILURE OF A QUASI-ISOTROPIC LAMINATE WITH CIRCULAR HOLES 
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Figure 13 



STRESS DISTRIBUTIONS AT THE EDGE OF HOLES AND CRACKS 
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EFFECT OF HOLE SHAPE ON NOTCH STRENGTH 
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DESIGN OF STIFFENED COMPOSITE PANELS WITH BUCKLED SKIN 
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SKIN HAS NONLINEAR LOAD-STRAIN RESPONSE AND REDUCED STIFFNESSES IN 
POSTBUCKLING RANGE 



DESIGN OF STIFFENED COMPOSITE PANELS WITH BUCKLED SKIN 
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ASSUMED SK IN-BUCKLING MODE 
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MODE VALID IN ADVANCED POSTBUCKLING RANGE 
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BUCKLING OF STIFFENERS 
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LOCAL BUCKLING OF STIFFENER ELEMENTS BASED ON SIMPlf-SUPPORT 
BOUNDARY CONDITIONS 
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EFFECT OF PANEL SKIN BUCKLING ON STRUCTURAL EFFICIENCY 
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Figure 12. 



EFFECT OF PANEL SKIN BUCKLING ON STRUCTURAL EFFICIENCY 
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Figure 13. 
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BIFURCATION LOAD 


OUT-OF-PLANE DEFLECTION SURFACE STRAINS 



Figure 14. 


POSTBUCKLING OF UNSTIFFENED 24-PLY GRAPHITE-EPOXY FLAT PLATE 
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Figure 16 . 



24-PLY UNSTIFFENED LAMINATE RESPONSE 
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NEW NONLINEAR ANALYSIS METHODS 
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HIGHLY-EFFICIENT NONLINEAR ANALYSIS METHODS ARE BEING DEVELOPED FOR 
IMPROVED POSTBUCKLING DESIGN TECHNIQUES. 
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FATIGUE ANALYSIS OF COMPOSITES 
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DETECTION OF FATIGUE DAMAGE 
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DELAMINATION DUE TO FATIGUE LOADING 
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the sign of the shear stress is irrelevant). However, the peel stress a z is tensile at the criti 
interface only for compression applied loads. Apparently, delamination can be caused by high shear 
stresses, but a tensile normal stress greatly encourages delamination growth. 
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Figure 



CALCULATED STRESSES VERSUS DELAMINATION 



• 



G 

rH 

• 

Mh 



CO 

X 


43 

rH 

X 

O 



cu 

(U 

1 

P 

G 

G 




-M 

X 

*H 



44 

G 



G 

cd 

P 

X 

G 

G 

•H 



G 

X 

P 

G 

•H 

G 

G 




CO 

G 

G 


CU 

G 



g 


•H 


r> 


X 




cu 

X 

G 

P 

CO 




rH 

43 


G 

G 

G 

G 




H 

G 

G 

> 

CO X 





G 

G 

G 

CO 

P 



X 


G 

4h 

15 

G 




O 

• 

P 

P 

O 

P 

G 



a 

CO 

P 

G 

P3 

P 

O 



G 

X 

G 

G 

CO 





G 





G 



G 

O 

G 

XI 

• 

p 

rH 



P 

rH 

43 

G 

G 

G 

X 



•H 


EH 

X 

rH 

G 

G 



43 

<u 


G 

O 

•H 

P 



a 

G 


43 

43 

g 

G 



G 

00 

• 

G 


G 

•H 



P 


w 


G 

rH 

x 



00 P 

43 

G 43 

P 

G 




G 

0*43 

P 

G 

P 



X) 

4H 

G 

P 


P 

CU 



CU 


P 


X 

G 




43 

G 

00 4H 

G 

•H 

G 



a 

o 

O 

O 

G 


X 



p 

•H 

P 


O 

G 




o 

CD 

a 

G 

P 

43 

o 



a 

CO 


O 

G 

P 

p 




(U 

g 

•H 






p 

P 

O 

P 

G 

G 

p 



o 

a. p 

G 

O 

P 

G 



4-1 

e 

O 

G 

•H 

G 

G 




O 43 

G 

P 

43 

Cu 



CO 

a 

a, 

P 

*H 

J5 

CU 



G 



G 

G 


G 



0 

o 

G 

P 

O 

CO 




•H 

P 43 

G 

CU 

G 

G 



P 


p 

•H 


O 

G 



G 

X 

rs 


P 

G 

O 



a 

CU 

G 

G 

mh 

»H 



o 

P 

4> 

43 

rH 

P 

P 


in 

i—i 

g 


P 

G 

G 

G 




CU 

G 


00 

CO 

G 


G 

G 

■r-> 

§ 

00 

G 


O 


p 

o 

X 

o 

G 

G 

o 

rH 


G 

»rl 

G 

43 

O 


p 



00 

P 

0) 

G 

i — 1 

G 


G 


•H 

cd 



G 

43 X 

O 


Fh 

G 

<U 

G 


P 

G 

♦H 



•H 

P 

G 

CO 


X 

P 



g 

G 

G 

G 

G 

G 

G 



cd 

G 

G 

O 

O 

O 

G 



rH 

•H 

4H 

•H 


CU 

*H 



(U 

g 

P 

P 

X 

CO 

g 



X 

G 

G 

G 

G 

G 

G 




rH 

G 

43 

X 

P 

T— } 



X 



♦H 

G 

P 

G 



P 

CO G 

P 

G 

o 

X 



•H 

i — i 

43 

P 

P* 

G 





O 

P 

G 

G 








•H 

X 

CO 

G 



X 

m 

G 

XI 


G 

O 



<U 


P 


G 

o 

■H 



P 

+t 

G 

G 

O 

X 

P 



G 



G 

*H 

p 

G 



a o 

G 

G 

P 

G 

P 



g 

o\ 

•H 

P 

G 

G 

G 



o 

i — i 

P 

P 

a 

O 

00 



g 


G 

G 

o 

rH 

*H 




G 

g 


rH 


CM 



0) 


G 

G 


G 

G 



p 

P X 

G 

G 

O 

o 



<u 

O 

O 

G 

o 

•H 

G 



& 

4H 

G 

G 

•H 

P 







44 

P 

G 

X 



CO 

CO 

G 

a 

G 

G 

G 



cu 

p 

G 

•H 

G 

-H 

rH 



CO 

rH 

6 

43 

♦H 

g 

a 



CO 

G 

•H 

P 

g 

G 

g 



(U 

CO 

a 

1 

G 

rH 

o 

• 


p 

G 

G 

43 

rH 

G 

G 

CO 


p 

P 

CU 

00 

G 

X 


G 


CD 


G 

G 

Q 

G 

CO 



G 


O 


G 


CO 


X 

£ 

G 

P 


X 

P 

G 


CU 

O 

43 

43 

• 

P 

O 

P 


p 

X 

P 

P 

>-> 


4H 

P 


cd 

G 



P 



CD 


rH 


G 

G 

G 

CO 

G 



G 

G 

O 

P 

X 

G 

G 

X 


a 

P 


G 

G 

CO 

> 

G 


« — ! 

G 

G 


G 

G 

G 

P 


cd 

00 

G 

G 

O 

G 


G 


o 


a 

G 

X 


#S 

rH 



«P 

G 

O 


G 

G 

G 




4h 

•H 

G 

G 

G 

G 



G 

P 

P 

rH 

P 

G 

rH 



43 

G 

G 

O 

43 

G 

G 



H 

G 

X 

43 

P 

P3 

G 


.89 




o 


I — ■ oo 
<C UJ 



yj <C 

Q -J 


>- LU 
Q H- 

i— i 

h- CO 
CO O 
Q- 

o s: 
I — o 
o 
Q 
O 


LU 



90 


DELAMINATION SPECIMEN DYE-PENETRANT - ENHANCED 

(±3O/±3O/9O/90) C RADIOGRAPH OF DELAMINATION 



METHOD TO STUDY DELAMINATION IN COMPOSITE LAMINATES 
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Figure 





STRAIN-ENERGY-RELEASE RATE DETERMINED 
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DELAM I NAT I ON ONSET PREDICTED 
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FAT IGUE OF COMPOSITES 
DELAMINATION GROWTH LAW 



Figure 




FATIGUE OF COMPOSITES DELAMINATION GROWTH LAW 
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PREDICTION OF DELAMINATION GROWTH 
DUE TO LOCAL INSTABILTY 

NON-LINEAR 
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Figure 10. 



PREDICTION OF DELAMINATION GROWTH DUE TO LOCAL INSTABILITY 
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Figure 12. 



SHEAR MODULUS PREDICTION FOR STRAIN-CONTROLLED FATIGUE TEST OF [±452] s LAMINATES 
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PREDICTION OF FATIGUE DEGRADATION 
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A fatigue analysis is being developed to predict damage growth in notched laminates* As shown by 
‘imental studies 9 fatigue damage is dominated by matrix failure* Criteria have been developed to 
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DAMAGE TOLERANCE RESEARCH ON COMPOSITE COMPRESSION PANELS 
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SECTION AA-TYPICAL 0 2 REGION 



DAMAGE PROPAGATION - TRANSVERSE SHEAR 
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EFFECT OF DESIGN STRAIN ON TYPICAL WING PANEL STRUCTURAL EFFICIENCY 
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APPLICATION OPPORTUNITIES FOR GRAPH I TE/ P OLY IMI DE COMPOSITES 
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NASA LANGLEY R&D IN HIGH TEMPERATURE RESIN MATRIX COMPOSITES 
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125 HOURS SERVICE LIFE AT 589K (600°F) 



STATE OF THE ART FOR GRAPHITE/LARC-160 AND GRAPH ITE/PMR- 15 
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SCR GRAPHITE/POLYIMIDE PANEL RESEARCH 
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INDIVIDUALLY SPECIMENS 

BONDED MACHINED FROM 

SPECIMENS 0.6m y 1.9m 
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FLATWISE TENSILE STRENGTH OF GR/PI HONEYCOMB SANDWICH PANELS 
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EFFECT OF TEMPERATURE ON INTERLAMINAR SHEAR STRENGTH 

OF CELION/PMR-15 
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EFFECT OF TEMPERATURE ON FLEXURE STRENGTH OF CELION/PMR-15 
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EFFECT OF TEMPERATURE ON FLEXURE STRENGTH OF CELION/PMR-15 
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EFFECT OF 589K (600°F) EXPOSURE ON NR150B2 COATED CELI0N/LARC-160 
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EFFECT OF 589K (600°F) EXPOSURE ON NR150B2 COATED CELION/LARC-160 
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EFFECT OF TEMPERATURE ON MOISTURE SATURATED 
10, ±45, 901 GRAPHITE/POLYIMIDE COMPOSITES 
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EFFECT OF TEMPERATURE ON MOISTURE SATURATED [0,±45,90] GRAPHITE/POLYIMIDE COMPOSITES 
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Figure 11. 



EFFECT OF TEMPERATURE AND MOISTURE ON COMPRESSIVE STRENGTH OF CELION/PMR-1 5 
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MICROCRACKS PRODUCED BY 
THERMAL EXPOSURE OF CELION/PMR-15 
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MICROCRACKS PRODUCED BY THERMAL EXPOSURE OF CELION/PMR-15 
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EFFECT OF THERMAL CYCLING BETWEEN 117K AND 589K 
(-250°F to 600°F) ON CELION 6000/PMR-15 COMPOSITES 
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NUMBER OF THERMAL CYCLES 



EFFECT OF THERMAL CYCLING BETWEEN 117K AND 589K 
-250°F TO 600 °F) ON CELION 6000/PMR-15 COMPOSITES 


■P 

0 0 

G 43 i i 

rtf 43 Q) m -po o-p 

<D tn £ O £ P P 0 

(1) W P d *H MM O CO O Oi 

CD P 0 O 0 O O 43 O CD *H 43 

43 P Mh 0 CD P 0 CD 44 p 44 £ 0 G -M 

-P cd o P ,G 0 CD Oi co tn m g*h tP 

G — O 44 0 43 0 0 G 44 O B G 

G *H Pm CD P 44 H CD cd *H • CD CD 

OgOo d+JU rH O P TlTJ PP 

rd-HO G G £ 0 >n-P d 3 cd *cd-P 
tT»rH PO00-HQGO00-HP0 w 
GPCDVOG-P H o 44 G 0 0 

*H CD 0< — <D CO 05 0 -H O CD CO CO O rH 44 G 

rH *P g £ G 43 44 O p 0 *H 0 0 0 

O G 0 & -H O 0 O in G *P 43 >1 >i CD -H 

>i-H O O O g -P O X -P H O ^ 01 

O P 00 CD *H G P P 0 0 rH 0 

G (Din a>iO (D-H (DH G - GO CD 

rH G > tHHCDU'd-PPd) t pmh co . p 

CdCdO-P rH Gj P -H MM g G rH 0 {ft 
g Cd H 0 0 0 G Cd rH *H *H -p CD g 

PCD— cd *H 0. G m OH o >iPi o 

0 P Cm G 44 O 44 G 0 O G rH G O 

3 Go CDOG‘HinPG r GDj>s CD CO 
4J X Q 44 -H CD Qa OCD-HC0OCD-POH 

CD O CO 44 CO 0 O MH O CO P cd 0< cd 

4HrHiX)<DOCOP4J PCD. iHrHCDgXG 
O Pm 44 0 0 44 43OP00£-H0'G 

O P OT3P ft Gg X -H 

44 44cn-HTiC0CDCn CD O P ^ O (D W 

O • dd (DH W PlOGH (DO^ PH (D 

CDCDPm CD -HG dCD<N43-PGcoftOP 

4^ 44 0 gCH p CD P U44ina>i 

4M-HO-H G cd O P44»d G CD 0 O 0 

0 0 in O g4HOC0GOP>f4J 43 

O 04 0 P CD 0 Cd *H 43 cd P rH 44 
0 & I ftOP43 f d0 44 TJ 0cd 

43 g ' — 0 MH p P 01 OHU'dlJ g fi 

44 O GtnGG00G00MHpO 

— O'W P43 0 G 0 X H 4-1 G44 44 fd 0 

ro 0 0^04443043 0 044 O 0 43 tr> 

rH Cincom 1J144 P44H ^0 P 0 (U (D4J G * 

H H in G 44 Pm O O Mm 44 G *H 0 

0 gl 03 0-d Old 44 MM MM 0 4-1 HU 

P P P3 43 P G G OG 0 0 g O O -H 

G 0SG44 44CdP<d«mcdC/) G-H >1 44 

tn 44 cm 0 0 Cd 0H OG-P 0 u p o 01 

•H 0\ G 03 0 03 P -H 44 O g 0 0 *H 

Pm f dGX50P0430GP4HtnG-H O..G «H p 

^ Ol>pCdrH0rHW0-HG U 03 g (d 0 

O H H 44 0 O O O 44 G 0 0 0 GS-P 

44HH 03G >1 P £>i £lj 44 O* P P Or U C PO 

0 03 O (d O X 1UH4J d) 03H 0 Cd 

dUGH G 0 0 0 £ ft 0 43 P 

0 0 fdpo*HO 44 0 O 43 44 cd 

44 4H0Gcdingin44GO0 -P P 44 43 

OO^dCH(dHOd)CP0G44 440 
G 44-H-H rH O GPX0430 

'O000gPPP0P r dXG0044 G 
G0430CdO0000Cd0tJ>H-H*H44O 
O *H rH 44 44 44 iH C443 rH -H 44 £ O -H 

U44TJ P44G4HO Pm 44 0 044 

P0 0 (d h (d >iin tn rH 43 *0 mh O* 


0] 0 rH • 

44 



0 

rH 

G 


G cd 44 

0 mh p 

cd ft 0 co 

G 

44 


44 



• 

•H G 

0 

0 0 

£ 0 

>1 0 

H 

G 

• 

G 0 

>iH 

0 

0 G 

cd 

0 

p 

0 44 


0 

0 

0 0 

rH 

O 

G 

G *H *H 

0 

0 

>1 Cu 

G 


O 

P 

0 in 

0 

>t < 1 ) 

£ 44 

P 43 0 

n3 

0 G 

• 

P 

G 

p 

44 

0 

£ 

0 od 

O 44 P 

G rH 

P *H 

0 

0 

0 

0 P 

cd 


*H 43 0 0 

G 

G 

4J cd 

0 g 

P 

a 0 

CM 0 

g rH 

O 

0 p 44 

-H 

0 44 

0 0 

£ 

G 


a. 

44 

*H 

fd 

0 

•H O 


G 0 

-H 

m 

tn in 

X in 44 

X 

£ 

CMft> 0 

0 

•H -H 

rH G 

0 (N 

•H 

, — 1 

0 CN cd 

O 

p 

0 

0 *H 44 44 g 0 

cd Cd 

G 

44 




P 

0 


G G 0 

O 

V4 g 

44 43 

0 >i 



>1 0 

CM 43 

O 

G n3 

0 

0 

G O 

g rH 

0 

rH 

0 >H 3 

O. Eh 

-H 

•» 

P 

44 0 

0 0 

•H 0 43 

0 


0 rH 

cd 


0^000 

O 

0 43 

£ £ 

O 44 

44 

44 

0 

44 (d 



0 

P 43 P 


X) 44 

•H 

0 cd 


0 

0 

cd > 


« 

p 

G 44 0 

MM 


P rH 

a £ 

G 

S «H 

£ 

0 

0 

44 

44 £ 

O 

O n3 

0 cd 

0 *H 

*H 

•H 

O 

*H iH 

0 

P 

0 

fd 0 


44 G 

0 . G 

X 


X 

>1X fd 

cd 

G 

0 

p ft 0 

P 

0 

X X5 

P 0 

G 

0 

0 

0 *H 

0 

0 

-H 

0 cd fti 

0 

0 

0 -H 

cd P 


p 


P 44 

p 

0 


CM 43 O 

Q 

0 

0 

<d a. 0 

0.0 

Sft *H 

0 

CM 0 

£ P cd 

£ 

0 cn 

G 0 

x cux 

5ft 0 

CU G 

G 

X 43 

0 0 P 

G 

P 00 

< P 

0 cd 

0 

fd m 

fd *H 

•H 

0 

4-> 

-P fto 

G 

Oun 


169 




*n 








iiiiii 









CELION/LARC-160 I-STIFFENED PANEL 


O O M 

*d P g PIP 

P O O O O Eh 03 O CUV 

P *0 — o O P M W 03 tn o P g a 

0) P « . H X! 4-1 O M P P M P 00 P 

^ O (0 a Q)4J<d 03 - P -H P P P 

a h m -h tn a) m p ^ o a o m w *h *d 

o p \ d to a) o x: d 'H (0 g p a) 

a a tnM-i 03 p p p a° a ) m & 3 p 

O O *h ,q P P 0 mom -h cn • h m P 

P-hm-ih £ comor^cNnopioPOU 

03 Oi P 4-1 M CN H (D M P M 4 H -H 

0 } 03 O O P P £ *H I a CUP O 4-1 M 

•H O O I +JH - ^ XI P P O H JQ 

M 4 J o -H >i (D W (D O O O O P rd 

W & 00 P P > P W 4-1 U H 4-1 >,-H 4-1 

OgP'-'PH-H'dPVO p O 4-1 O P 

h o-H m w a O 40 mptjp-hppp 

OO g P 030 O H-HOOPPOOO 
-H P \ tnr-.p O O P P a a 03 *H P O 

p P ^ 12 *H m p d) p +J P O OOP 

<D O o M 4h ^ P 03 P rd H P O -H O 

> pm a +| PM £ O CD £ 4-1 O 

<13 03CM O 1 — * CQ (D^J'do > tnP 4-1 O 03 

d) 03 LOO ^PPOOT^OP OJ P H 

O P 03 >irO p ,p p O PTJ P -PP 

P O -H 4-1 (DH S P W VD O >i-HH 

O 4 04 O P Ofe - (]} s - / rl W H P 03 0) 

03 03 H PI POP <T» rH <D M M > 

0 o o nd p ^ a 03 w a) 00 p tr> p o p 

m m p p *h • p a) cr> -p lo g p p 4-1 p 

O POgP03P03POOp M g O 4H 

p O C4P P <1) d> O O ir> g P O PPO03 

P H 4H -H 0 01 £ -rH (CP d M H 

a p p a oppp pp p poo 

•H OO 03 & O OV03 -H H *d P 03 O a 

p O *H » — • 03 P P POOP H P 

03 O O 03 O p C OP P p P O 1 04 

O *H 4-1 03 <Ti 03 rH -H -H O P 03 Eh P O 

^ (3) -H r— . O P H 03 £T> O P IXP 

^ PO-HPLO 03 O P M C4 O H P *H •< O 

rH P M P CW O P P O a< 03 . p p p p 

D 04 03 g +| O 034Xd)HH03P\(D • 

o P 1 o - a p p 0^00 -h p p *d 
M 4t3H:0O p-HpO ppO^OPO 

P P P •— 03 *H P > O O P P P -H -H P 

CH 03 P O rH M ^ a*HH 4P OOP'dHP *H 

•H VD p 0 £ £ 4H O P O O 03 P 

Pn O O H *H H P *d O £ -d O P M O I P 

~ p p 1 x O 4 o o p r o 'd «d o p *h p p p 

•HPOPIPO03OP03OPP a O P O 
W U(X 00 Pp PPHPP Ogpp 
O *H rfj P -H O 03 P O M O 4H M O P P 

04PPPPPPC0PP0*H0^0 O 

SON S03P g^PaVl H np .O 

O P P P I -H p 0 O 4 Oip U *H 03 P 03 p 

O P O P HO * P P p p O P P P 03 

•H O * P P P 03 O 01 P P P £ P O 

H *• rH O 4 — O *H 01 p Ip <T> g > 

O. P O O 4 • P (D P P H P 03 0} O M H P 

\CT>UPPPP03-HO rHPOPOOHP 
P -H 03 -H O P P O rH p O .P 

O 03 P P£OOPOPOO*HPPP03 

o 0000 ppo 4 pppgaopp 

P rd P p 03 P O O Oi Eh O 'H P P rH 

O O s — 03 P ^ O O 030 OOP 

O ^ POO P p rH p PPP03 
PPPOgOPPPEHprH • *H P P 0 P O 

O a P £ O *H Eh O P P P 


•H >1 P tr>CN 

P 

03 P 

M C PH 

03 


P P P -r-i 

CN O P 

M 03 

• P *H O 

O 

P 

M 

P -H tn 03 

• P 

•H 

O 

»d • • H p O 


•H P 

p 

N H 0 O H Eh P 

P O 

0 — tn-H 03 P 

>1 

*H 

H 

*H -h P nd 


03 

O P 

M In P P O 

O 

TJ 


H P 0 

4-1 

1 

P p 

P 0 -H P O H 

P 

O P 

g 

-H P P 0} 

0 • 

H 

P 

03 O p pM 

O 

P O 

•H 

P OOrt) 

P 


-h -d 

P O 03 O P 0 

•H 

M *H 

03 

P P £ 

P *H 

O 

p p 

O 0 *h a O 

O P 


O < 

P P P 

03 P 

g — ' P p P X 

•H 

aop 

P rH 

a 03 

P 


a 0 0 p 

0 p 

P 

P O O 

03 


O P 

0 w 0 0 

P 

m *d 

P 

O P • P 

O P P P P P MOW 

O 

0 


•H P 03 p 

P P 

0 P 0 

00 P M 


03 M ^ 

O Ha 

P 


Hp in M 03 P O H 

1 — 1 

O 

•H P O 

M 

in «G 

H O P H H 

P 

O P 

P 

4-1 0 P O 

O M 

ftC 0) 

P nd *H P *H 

M 

P P 

03 

4h a p p 

> 0 

P 

O P 

O P M P P P 

P 

P O 

O 

W P P-i Eh 

O P 

0 -Q -M 

0 p a O P P 

P 

a 0 p 


171 



GRAPHITE/POLYIMIDE SKIN- STIFFENED SHEAR PANELS 



172 


AVERAGE SHEAR STRAIN, 
PERCENT 



GRAPHITE/POLYIMIDE SKIN-STIFFENED SHEAR PANELS 


4J 

- C 

P 43 43 I 0 « 

0 0 C Ego 

cu 0 0 c 0 0 O <U P _ 

X < U Q) U UOH.4Jg 
0 O X C P C 0 ) a O 

0) g X X O 0 0 X *H 
43 P * X 0 X P 0 +J 

0 0 ta x x u > m 0 x 43 0 

C£XC 0000 -H (d H 

0 0 flj c (!) m c o ? 

X 0 CODg 0 PXXXP 
X X 0 p 0 £ P 0 X P 

X 0 CM 0 X 0 *15 M-l O 

■P C CP • O'* 43 O O 

0 ) (UH i — l g C P 0 0 

1 CP 0 O 0 O X 0 c H 43 +J 

C c OH (DB*H O £ 

•H P 0 I (d P^^J 0 X 0 

^ (d 6 m a O CQ X -P 

0 0 CM X C • 0 0 »H 
X 43 T3 fdi3 45 45 a 9 

H 0 0 0 0 I • 0 O 

& c P c 43 x 0 o & 0 x 

\d o (d oj o) 0 3 h 5 ) • 

P 0 M-l XX O tJ 1 P X w 
O C M-l 0 M-l 0 CPX tJ> M-l 0 'O 

0-HH-H 0 C C O -P 0 

0 p p 0 p p fjj c *h •d nj 0 o 

N X 0 C 0 c 0 rH 0 c a I-H 

>vH C <d C DHd 0M CH'H 

X X C CP C C -P OH O'S 5 1 

00 X tn C 0 C £ £ 

C I 43 43 0 0 C 0 P P H H *H 

00C0XXXCH XI ^ H 
43 0 C X H c 0 O 0 0 ^ 

0 0 0 0 0 X X C H-P O 

SH (UP o P O PHd (l)i5 5 
— 0 JQPP C 0 3P £ Id 00 -Q 
in x x E X p O O ^ _ 

H -43 0 -P o 0 0 0 H E O 43 

XCO0OXPPX -P 0 
0 0 0 CM 0 o *H 0 tp 0 ¥ 

P 0 g 0 0 c 44 o 43 C X 73 o 

C X 43 O X X 0 E X 0 0 X 
tr> 0 o P P CM 43 >iX >1 £ 43 

X - C 0 0 X X X X 0 

cm d ai d - c h c x x a 0 9 p 

w IT' Mm 0 p 0 CP -H X 0 0 C -P Cu 

XX c O X \ 0 -PX 0 rQ_ 
0 X 0H-P P-P tT> C 043 

0 X X CP C3 X C 0 43 X n 

4304-1 a O X g 0 C W 0 

I -H .>1 CT>43 0 X X 0 -P 

OXXOXOtnCPoEd' 0 

X 0 0 C 0 C C 0 X 0 0 0 

X C 0 0 0 X 43 CM 43 rH 0 C 

0 C X 43 X 0 0 X 0 0 0 -H 

X 0 o MM XI P 0 P & E 

X X X 0 X O CP 0 P 

>iX X Mm 0 X 0 X O X 0 

43 0 X X 0 0 p X X >iX * ¥ 

0 O £ 0 E 1 0 C i — 1 C 0 0 

X CP 0 O 43 X X 0 43 

0 E C X E 43 0 E 0 0 MM P 

OO0C0X XO 

0 O 0 P g X 0 tr> X X 0 X X 

■H *H 0 -H X Q C O X X X *H 

X - P X a X rH 0 Eh X 0 

X >t 0 O X 43 0 CP P X X 

X CP 0 E C • X O C 

X X g P 0 ^ 0 0« X 0 

O0OX0 Cm 0 P X 0 0 E 
*H O0 - o p 0 X -H 0 X 

0 X P 43 O 0 0 X P 

> *H p 0 O 0 O C 0 >1 0 

X C O X X C VO 0 X X X 43 CP 

X H X X 0 0 0 X 0 C X 

O XX CMP C 0 0 

0 43CCXW0XO0 
*n • 0 X 0 X X 0 X C C 

X 0 C X X 00 0 0 O 0 

OX tufi O Win p 43 0 *H 0 

0 X £ X I 0 0 0 0 X £ 

0C0OXX43430PPOX 
X00XX0C OX0X C0 
EH CP43 0 0X 0 g 0 CM 0 43 X 


173 



DESIGN OF A GRAPHITE/POL YIMIDE HONEYCOMB SANDWICH PANEL 




CD 






H— 1 






cr 




t- i 




f-H 


CO 


H" * 






z: 


CO 




X 


<c 


LlJ 

>— i 





GO 


h- 

o 

LU 


cz 





LA 

oc 




s: 


CO 

+ O 




ZD 



\ CD 


o 


Z 


<C 

O 



CsJ 


• —H 



*—» 

LU 


V-/ 


SI 




CO 




ZD 

CO 

o 

CO 

»— i 


E 


1 

GO 


1 — 

s: 



_Q 

C 

LU 

H- 

LU 

»— i 


CD 

r— 4 


SI 

<C 

LU 

>- 


NO 


Z. 


cd 

nz 

.U 



00 

<c 

CD 

t—t 

GO 

o 



oo 


*— t 

CZ 


cu 

/— N 

X 

• 

o 

=3= 

CO 

LU 


c 


o 


H- 

<C 

CD 

CO 

»r 

E 


1 — 


Ll_ 

<c 

GO 




co 2: 

LU 


L L. 

<x. 

LA 

i — 1 

cn 

LU LU 

DC 

or 




LA 


DC CD 

O 

O 

LU 

CD 

o 



<C DC 

CD 

LL_ 

CO 




o 

Q_ LU 



4 

LA 


GO 

cr 

se: cl. 

CQ 

Q 

y 


E 



o 

e: 

LU 

►—i 

cr 

O 

O 

o 

CD NO 

o 

1 — 

>- 

1 


►— i 


- 

CD 

CD 

-U 

CD 


GO 

1! 

GO CM 

>- 

LU 

O 

« — 1 

CM 

z: 


CD NO 

LU 

_J 

O- 

N 


LU 

GO 

z: 

Z 

LU 

\ 

NO 

i — i 

s: 

OO 

>— • ll 

o 

CO 

LU 

1 


►— « 

<C 

> t 

zc 


H- 

K. 

II 

CO 

s: 

<C — 1 



» — « 

CM 




GO LU 

II 

CD 

HZ 

NO 

<D 



z: 


» — i 

Q_ 


-M 

LU 

LU 

GO <C 

c 

co: 

<C re 


z: 

z: 

OO Q_ 

4-> 

LU 

QC 

QC 


<c 

<c 

<C 


CO 

CD 

zn 


cu 

Q_ 


* 


G 

u 

a 

P4 



174 
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PRELIMINARY TEST PLAN FOR BODY FLAP SECTOR 
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SUMMARY 
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AN INVESTIGATION OF POSSIBLE ELECTRICAL HAZARDS 
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MULTIPLE LAMINATE PIECES 
OCCUR ONLY IN IMMEDIATE VICINITY 
OF CRASH-FIRE 
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Figure 11. 
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SPECTRUM OF HRE-RELEASED FIBER LENGTHS 
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SPECTRUM OF FIRE-RELEASED FIBER DIAMETERS 
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Figure 13. 



SPECTRUM OF FIRE-RELEASED FIBER DIAMETERS 
(FIBERS GREATER THAN 1 mm IN LENGTH) 
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FIBER DISSEMINATION 








FIBER DISSEMINATION 
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The measure of fiber pollution usually used in elements of the risk analysis is 
exposure . 
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FILTRATION OF CARBON FIBERS 
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FILTRATION OF CARBON FIBERS 
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EFFECT OF FIBER LENGTH ON EQUIPMENT VULNERABILITY 



(AVERAGE EXPOSURE TO FAILURE) 
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the environment of the avionics bays in aircraft. These data, combined with 
airflow and filtration data pertinent to specific aircraft, were used to evaluate 
the risk to air-transport aircraft safety and the need for protection. 
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ELECTRICAL EQUIPMENT 
AUTOMOTIVE FAB. /ASSY. 



FACILITY SURVEYS 
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TOTAL COST PER YEAR, X DOLLARS 
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RISK PROFILE SENSITIVITY TO INPUT PARAMETERS 
(AIR-TRANSPORT ACCIDENTS) 
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